confirm that RTN astrocytes are pH-sensitive and to determine mechanisms by which they sense 48 pH. We show that pH-sensitive RTN glia are immunoreactive for aldehyde dehydrogenase 1L1, chemoreception by a purinergic mechanism, we used fluorocitrate to selectively depolarize 55 astrocytes while measuring neuronal activity. We found that fluorocitrate increased baseline 56 activity and pH-sensitivity of RTN neurons by a P2-receptor dependent mechanism, suggesting 57 that astrocyte may release ATP to activate RTN chemoreceptors. We also found in bicarbonate 58 but not HEPES buffer that P2-receptor antagonists decreased CO 2 -sensitivity of RTN neurons. that astrocytes contribute to respiratory drive. This study also provided evidence suggesting that 81 ATP release from astrocytes is a requisite signal for neuronal pH-sensitivity (14). At the 82 cellular level, we have shown that purinergic signaling can activate pH-sensitive RTN neurons 83 via P2Y receptors (24) . However, we also found that pH-sensitivity of RTN neurons in HCO 3 --84 free HEPES buffered media was retained when ATP receptors were blocked with PPADS (100 85 4 µM) (24; 25) , indicating that ATP is not a requisite component of neuronal pH-sensitivity.
86
These results suggest that RTN neurons are intrinsically pH-sensitive but that CO 2 -evoked 87 release of ATP can modulate the activity of pH-sensitive neurons and contribute to the integrated 88 output of the RTN (i.e., respiratory drive) during hypercapnia.
90
The goals of this study are to confirm that RTN astrocytes are pH-sensitive, identify 91 mechanism(s) by which these cells sense changes in pH, and determine the extent to which they 92 contribute to chemoreception. To make these determinations, we use the brain slice preparation 93 and a combination of patch-clamp electrophysiology and immunohistochemistry to identity pH-94 sensitive glia and determine the mechanism by which they sense changes in pH. To explore the 95 possibility that pH-sensitive RTN astrocytes stimulate activity of pH-sensitive neurons by a 96 purinergic mechanism, we determine the effect of fluorocitrate-mediated astrocyte activation on 97 pH-sensitive neurons. We find that pH-sensitive RTN glia are protoplasmic astrocytes that sense 
MATERIALS AND METHODS

102
Brainstem slices.
Slices containing the RTN were prepared as previously described (20) (21) (22) .
103
Briefly, neonatal rats (7-12 days postnatal) were decapitated under ketamine/xylazine 104 anaesthesia and transverse brainstem slices (300 µm) cut using a microslicer (DSK 1500E, The DIDS-sensitive current exhibited a reversal potential of -104 mV, which is slightly 243 hyperpolarized to the predicted reversal potential for the NBC (E NBC ). For example, the E NBC
244
was calculated with the following equation: -precipitation control solution, prepared in a manner similar to 320 fluorocitrate, had no effect neuronal or glial membrane potential. We found that fluorocitrate 321 evoked a large and reversible neuronal activation ( Fig. 5A and B) . Importantly, a second 322 exposure to fluorocitrate, this time in the presence of an ATP receptor antagonist (PPADS, 100 323 µM) had no effect on neuronal activity (Fig. 5A) Our results also indicate that the NBC contributes to the pH-sensitive current in RTN astrocytes.
401
It is well established in various types of astrocytes that activity of the NBC generates a 402 hyperpolarizing outward current (i.e., net HCO 3 -influx) at membrane potentials depolarized to 403 E NBC (5) . In our experimental conditions we calculated the E NBC to be about -99 mV. As followed by increased respiratory frequency and ventilatory sensitivity to CO 2 (7; 19 show that alkalization increases and acidification decreases outward current and conductance. presence of suramin (100 µM). An initial exposure to 15% CO 2 increased firing rate ~ 2.7 Hz.
566
As was observed with PPADS, exposure to suramin (100 µM) in 5% CO2 decreased baseline 567 firing rate. A depolarizing current (~1 nA) was delivered to the neuron to increase firing rate to 568 near control levels. In the continued presence of suramin (with baseline activity adjusted by DC 
